chemical bond, it has been established that smooth bonding surfaces are better and the tensile strength of the porcelain enamel is less than that of the bond. The mechanical properties of dental porcelain have been presented by Nally and Berta. 7 A number of articles8-"1 have been published on the clinical aspects of porcelain enamel-fused-to-metal restorations. Laboratory studies of jacket crowns were reported by Conod,12 Rumetsch, Schreiber, and Motsch,'3 and Walton and Leven. '4 The first two studies dealt with the statics of jacket crowns; the former was a theoretical discussion and the latter included two dimensional photoelastic measurements of jacket restorations that had different shoulder geometries. The study by Walton and Levenl4 was a three dimensional photoelastic investigation; they studied slices from jacket models near the incisal edge and parallel with the labial surface; parallel to the incisal edge and a third to a half the distance from the incisal edge to the gingival surface; and following the gingival contour.
Stress analysis of porcelain enamel-fusedto-metal restorations has not been reported; it was the purpose of this study to of 40 pounds/in2/fringe/in; (2) PSM-5* with an elastic modulus of 450,000 pounds/ in2 and a fringe constant of 60 pounds/in2/ fringe/in; and (3) PL-2* with an elastic modulus of 100,000 pounds/in2 and a fringe constant of 37.8 pounds/in2/fringe/ in.
The PSM-1 represented the porcelain enamel, the PSM-5 the gold alloy, and the PL-2 the dentin. The ratios of 3.4:4.5:1 for the elastic moduli of the plastics were comparable to those of the restorative materials and dentin 3.6:5.0:1.
In the construction of the models, the peripheral outline of the restorations and the dentin were kept constant and the geometry of the gold and porcelain enamel sections was varied. The appropriate sections were cut from a quarter inch sheet of plastic and the porcelain enamel and gold sections were cemented together with an epoxy cement that had a modulus similar to the porcelain section. The cemented restoration was luted to the plastic representing the dentin by use of dental stone. A lower modulus material similar to PL-2 would improve the model further, but it was believed the stone did not invalidate the model even though the modulus was higher than desired.
The models were eight times the normal size of a maxillary central incisor and were placed in a standard circular polariscope and loaded at the desired position and load. The interference patterns were recorded photographically. The mesial-distal sections were loaded over the center of the pulpal floor and over the intersection of the pulpal floor and the axial wall. Loads of 30, 60, and 90 pounds were used at these two sites. The labial-lingual sections were loaded on the incisal edge and the cingulum with loads of 15, 30, and 45 pounds. The lingual surface was accentuated to allow vertical loading in this region. In addition, a few models were loaded a third of the distance from the incisal edge to the cingulum by applying a bending moment to the model.
The six different labial-lingual and five different mesial-distal models are shown in Figures 1 and 2 , respectively. The geometry of the gold shoulder was based on previous studies15 where a shoulder with rounded angles was found to be superior. The geometry of the gold-porcelain enamel shoulder was determined using simplified models constructed of the plastics described previously. A butt joint, a sloping shoulder (300 to the horizontal), and another sloping shoulder (450 to the horizontal) were studied photoelastically. The sloping shoulder of 30°had the lowest stress concentration factor and therefore was used in all restorations in this study.
Results
Selected photoelastic stress patterns will be presented here but a more complete series may be observed. Analysis of variance was determined using a grid method15 and it was found that the designs were different at the P < 0.005 level of significance. As expected, the magnitude of the loads were different but the sites were not significantly difterent. One first order interaction was significant-that between the site and the magnitude of load.
The effect of the design on the state of stress in the dentin region is indicated in Table 1 for labial-lingual modlels I to VI, using sites A, B, and C and incisal and lingual loading. The number indicates the absolute fringe order. The mean fringe order indicates the state of stress in the dentin region. Model II, with incisal gold protection, had the lowest value (0.58) followed by I, IV, V, VI, and II. Thus, the porcelain jacket crown transferred the most stress to the supporting tooth structure. Model 11, with incisal gold, provided low transfer of stress to the substructure.
The mesial-distal sections selected to be shown were loaded at 60 pounds. The photoelastic stress pattern of model 1, the full porcelain jacket, is shown in Figure 5 loaded laterally and centrally. The mesialdistal section of model 4 was not symmetrical and thus two lateral loadings were made. Lower fringes were observed in comparable regions in the porcelain when the loading was on the side with more porcelain. This is true because of the larger size of the restoration on the right (the section was not symmetrical). Model 
Conclusions
The effect of the geometry of porcelainfused-to-gold restorations on the stress distribution during loading was studied using a two dimensional photoelastic technique. Composite models were constructed with three photoelastic plastics that had nearly the same ratio of elastic moduli as porcelain, gold, and dentin. Various labiallingual and mesial-distal models were constructed and loaded under a variety of conditions. The state of stress was evaluated using related sites in the restoration and the substructure. Analysis of variance showed the designs were significantly different and that the loads were different, but the sites of load were not. The first order interaction between load and site was significant. Based on the state of stress, it was found that (1) the gold-porcelain joint near the shoulder should be 300 from the horizontal; (2) porcelain supported by gold was superior to a porcelain-enamel jacket crown; (3) a bulk of gold in the gingival region reduces the state of stress; (4) the porcelain-gold joint on the lingual shoulder should be as far as feasible from the site of loading; and (5) complete porcelain coverage of metal is not superior to providing a bulk of gold on the lingual shoulder.
